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INTRODUCTION 


Background 

The  first   U.     S.     patent,         hearing     the    authorizing      signatures    of   George 
Washington  and  Thomas    Jefferson,   was  issued  on  July  31,    1790.    Today,    in 
1975,    as     the     United   States    enters    its    Bicentennial    Year,     the    Patent   and 
Trademark  Office     is     approaching     issuance     of    the    four    millionth    U.    S. 
Patent. 

Among  these  documents,  which  have  been  assembled  into  a  classified  pat- 
ent file  by  the  Patent  and  Trademark  Office,  can  be  found  the  disclosure 
of  nearly  every  major  technological  advance  that  occurred,  both  here  and 
abroad,  during  the  185  years  since  that  first  U.S.  patent  was  granted. 
The  patent  file,  therefore,  represents  a  compendium  of  the  history,  devel- 
opment and  current  status  of  technology  and  the  applied  sciences.  As  such, 
the  file  is  a  tool  of  significant  potential  for  many,  varied  uses.  It  is  used 
primarily  by  government  patent  examiners  and  the  public  as  the  principal 
resource  in  determining  the  novelty  and  patentability  of  inventions. 

To  facilitate  such  use  the  file  is  divided  into  more  than  300  major  techno- 
logical groupings  (called  Classes)  which  are  further  subdivided  into  nearly 
90,  000  technological  categories  (called  subclasses).  Since  technology  is 
dynamic,  the  Classes  and  subclasses  are  constantly  being  reviewed  and 
restructured  to  accommodate  the  development  of  new  technologies  and 
changes  in  existing  ones. 

As  each  patent  issues,  it  is  "classified"  according  to  the  technology  it 
discloses,  into  one  or  more  of  the  subclasses.  Copies  of  a  patentare  placed 
in  more  than  one  subclass  when  the  patent  contains  significant  technology 
pertinent  to  more  than  one  subclass.  With  such  multiple  placement  or 
"cross  referencing"  the  file  has  grown  to  contain  approximately  11,000,000 
U.    S.      patent    documents     spanning     the     entire     technological  spectrumj_/. 

Since  a  patent  obtained  in  the  United  States  conveys  no  protection  outside 
this  country,  and  vice  versa,  it  is  common  in  this  age  of  the  "international 
market  place",  for  inventors  to  obtain  patents  in  more  than  one  country. 
As  a  result,  significant  foreign  inventions  are  almost  always  patented  in  the 
United  States  because  it  is  such  an  important  market.  Thus,  U.S.  patent 
activity  is  representative  not  only  of  U.  S.  technological  effort  but,  to  a 
large    extent,     of   foreign    technological    effort  as  well. 


\_l  The  classified  file  also  contains  about  9,  000,  000  patents  of  other 
nations  and  1,000,000  pieces  of  non-patent,  technological  literature. 
These  documents,  however,  have  not  as  yet  been  included  in  the  data  base 
from  which  this  report  stems  and,  therefore,  are  not  included  in  the  sta- 
tistics presented  in  this  publication. 
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For  example,  the  growth  of  foreign  technological  capabilities  in  the  1960's 
and  continuing  into  the  1970's  has  been  mirrored  by  the  growth,  over  the 
same  period,  of  the  share  of  U.S.  patents  granted  to  foreign  resident  in- 
ventors. In  1961,  only  about  17%  of  U.S.  patents  were  issued  to  resi- 
dents of  foreign  countries.  However,  by  the  end  of  1974,  the  "foreign 
share"  had  risen  to  over  33%. 

This  apparent  interrelationship  between  technological  and  patent  activity 
has  given  rise  to  the  basic  premise  of  the  Technology  Assessment  and 
Forecast  program  -  that  patent  activity  is  an  indicator  and  measure 
of  technological  activity,  both  domestic  and  foreign.  Based  on  this  pre- 
mise, the  Office  of  Technology  Assessment  and  Forecast  (OTAF)  has 
issued  publications  which  have  focused  on  technological  areas  that  are 
experiencing  high  levels  of  patenting,  or  in  which  a  high  proportion  of 
the  issuing  patents  are  being  granted  to  foreign  resident  inventors. 

In  addition,  previous  OTAF  reports  have  examined  the  patent  activity  in 
selected  areas  of  energy  technology  and  have  profiled,  across  all  technol- 
ogy, the  patenting  of  a  selected  group  of  states  and  foreign  countries. 
In  the  most  recent  of  its  previous  publications,  OTAF  reviewed  the  pat- 
enting of  the  more  active  U.S.    and  foreign  corporate  patentees. 


About  the  Contents  of  this  Publication 

This  report  is  divided  into  two  sections.  In  the  first  section,  patent 
activity  in  selected  portions  of  the  patent  file  is  reviewed.  These  file 
portions  -  individual  subclasses  or  combinations  of  subclasses  cor- 
responding to  defined  areas  of  technological  activity  -  were  selected  for 
review  because:  1)  they  have  been  unusually  active  overall;  or,  2)  they 
have  been  the  subject  of  unusually  heavy  patenting  by  foreign  resident 
inventors. 

In  selecting  areas  to  review,  criteria  and  procedures  were  used  which 
differed  from  those  employed  to  identify  active  areas  included  in  earlier 
OTAF  reports.  These  new  criteria  and  procedures  have  resulted  in 
the  identification  of  many  areas  not  previously  covered.  For  three  of 
these  areas,  an  analysis  of  the  thrust  of  the  technological  activity  in  the 
area  is  presented.  Prepared  by  knowledgeable  patent  examiners,  these 
"in  depth"  reports  are  similar  to  the  "Level  IV"  type  report  previously 
included  in  our  Initial  Publication  (May  1973). 

These  examiner    reports    conclude     the     first     section    of    this    publication. 

In  the  publication's  second  section,  OTAF  presents,  for  the  first  time 
in  one  ofits  general  distribution  reports,  patent  activity  data  in  categories 
corresponding  to  Product  Fields  of  the  Standard  Industrial  Classification 
(SIC)    System. 

Presentation  of  patent  data  in  this  manner  was  made  possible  by  OTAF's 
development  of  a  partial  concordance  between  the  U.S.  Patent  Classifica- 
tion System  and  the  SIC.  This  work  was   supported  by  the  Science  Indicators 
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Unit  of  the  National  Science  Foundation,  which  is  using  some  of  the  data 
presented  here  in  the  preparation  of  its  bi-annual  Science  Indicators  pub- 
lication. 

It  is  felt  that  the  availability  of  patent  data  in  SIC  categories  significantly 
broadens  the  usefulness  of  such  data.  Patent  data  cover  nearly  all  of 
technology  on  an  objective,  inter -technology  comparable  basis.  In  addition, 
such  data  represent  a  measure  of  technological  activity.  Consequently,  the 
availability  of  patent  data  in  categories  compatible  with  the  SIC  -  the  basis 
of  most  economic  data  collection  -  opens  a  new  dimension  to  study  of 
interactions  between  technology  and  the  economy. 


SECTION  I 

ACTIVE  TECHNOLOGICAL  AREAS 

Contents 

In  this  Section  patent  activity  in  selected  portions  of  the  patent  file  is  re- 
viewed, each  file  portion  representing  a  defined  technological  area.  The 
reviews  are  divided  into  two  groups: 

-  areas  in  which   a   high   proportion  of  the  U.  S.    patents  have  been  issuing 
to  residents  of  foreign  countries  (i.  e.    high  foreign  share). 

-  areas   which   have   been    the    subject   of   extensive  patenting  in    the    U.  S. 
(i.  e.    high  overall  growth) 

Each  of  these  groups  is  itself  divided  into  two  broad  categories: 

-  Electrical/Mechanical  Technologies 

-  Chemical  Technologies 

Thus,    there  are  presented  four  collections  of  reviews: 

1.  High  Foreign  Share  -  Electrical/Mechanical  Technologies 

2.  High  Foreign  Share  -  Chemical  Technologies 

3.  High  Overall  Growth  -  Electrical/Mechanical  Technologies 

4.  High  Overall  Growth  -  Chemical  Technologies 

Following  this  introduction,  a  table  is  provided  for  each  of  these  four  collec- 
tions. Each  table  lists,  in  descending  order  of  average  percent  growth  or 
average  percent  foreign  share,  the  technologies  reported  upon  and  indicates 
the  page  at  which  each  report  may  be  found. 

Three  of  the  areas  listed  on  the  High  Overall  Growth  tables  are  indicated 
as  the  subject  of  an  examiner  report.  These  "in  depth"  reports,  prepar- 
ed by  patent  examiners  knowledgeable  in  the  field,  review  the  thrust  of 
the  technological  activity  represented  by  the  patenting  in  the  area. 


Procedures  And  Criteria  Of  Area  Selection 

In  previous  OTAF  publications,  areas  selected  for  review  were  identified 
by  use  of  a  "technological  grouping"  method.  That  method  employed  the  use 
of  computer  logic  to  divide  the  nearly  90,000  subclasses  of  the  U.S.  Patent 
Classification  System  into  8500  "technological  groupings"  of  subclasses, 
all  groupings  encompassing  relatively  equal  numbers  of  patents.  These  were 
then  ranked  on  the  basis  of  overall  growth  and  foreign  share,  and  the  highest 
ranked  groups  were  then  examined  and  selections  made  of  the  areas  to  be 
reported  upon. 

This  technique  was  useful  in  uncovering  many  technological  areas  that  were 
experiencing  a  level  of  activity  sufficient  for  inclusion  in  our  publications. 
However,  this  approach,  inherently,  did  not  reveal  those  relatively  small, 
active  technological  areas  which  happened  to  be  included  in  technological 
groupings  with  larger  inactive  areas. 
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Therefore,  for  this  publication,  the  "technological  grouping"  approach  was 
not  used.  Instead,  all  subclasses  were  ranked  independently.  The  pri- 
mary statistical  criteria  for  inclusion  in  the  rankings  were: 

-  for  both  the  "growth"  and  "foreign  share"  rankings,  a  subclass  had 
to  contain  no  less  than  100  total  patents  (insuring  a  minimum  sized 
"bite"  of  technology) 

-  for  the  "foreign  share"  ranking,  a  subclass  had  to  have  an  average 
growth  rate  which,  for  the  most  recent  three  year  period,  was  equal 
to  or  greater  than  twice  the  average  for  all  technology  (2.  5%),  i.  e.  , 
its  growth  had  to  be  at  an  average  rate  of  at  least  5%  (insuring  a  mini- 
mum level  of  activity  in  the  technology) 

The  resulting  rankings  were  then  divided  into  the  two  categories  (Elec- 
trical/Mechanical and  Chemical),  and  in  each  ranking  category  top  ranked 
areas  (not  covered  in  previous  publications)  were  selected  for  review.  These 
areas  most  often  encompass  a  single  subclass:  although,  for  technological 
reasons,  coverage  in  some  areas  was  extended  to  include  more  than  one 
subclass. 

Explanation  of  .Graphs  and  Charts 

All  technological  areas  covered  (excepting  those  three  which  are  the  sub- 
ject of  "examiner  reports")  are  reviewed  on  a  single  page,  divided  into 
four  sectors,   which  contains: 

-  A  description  of  the  area  (upper  right  sector)  which  includes:  a  brief 
definition  of  the  technology  included  in  the  area;  the  U.  S.  Patent  Classi- 
fication System  Class  and  subclass(es)  encompassed  by  the  area;  and 
the  growth  and  foreign  share  percentages  for  the  most  recent  three  year 
period   covered   in    the  "country    table"    (see  below). 

-  A  "country  table"  (lower  left  sector)  which  reflects  the  distribution 
of  patenting  during  the  period  beginning  with  Fiscal  Year  1965  (i.e., 
July  1,  1964-June  30,  1965)  and  ending  with  Fiscal  Year  1974  (i.e. 
July  1,  1973-June  30,  1974).  Shown  for  each  year  and  for  all  years 
combined  are:  1)  total  patents;  2)  patents  granted  to  residents  of  the 
United  States;  3)  patents  granted  to  residents  of  all  foreign  countries; 
and,  4)  patents  granted  to  residents  of  specific  foreign  countries.  (Coun- 
tries receiving  less  than  2%  of  the  foreign  share  of  the  patents  are  com- 
bined into  an  "All  Other"  grouping  with  the  number  of  countries  in  the 
grouping  indicated  in  parentheses). 

-  An  activity  graph  (upper  left  sector)  which  more  visually  reflects  the 
data  presented  in  the  "country  table".  U.S.,  foreign  and  total  patents 
are  illustrated  for  and  directly  above  each  Fiscal  Year  shown  in  the 
"country  table.  " 
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-  A  patent  distribution  chart  (lower  right  sector)  in  two  parts,  separ- 
ated by   a   dotted   line. 

The  top  portion  of  the  chart  contains  three  bars.  The  top  bar  (of 
fixed  length  )  shows  the  relative  proportion  of  total  patents  granted 
in  the  area  in  the  first  seven  years  of  the  period  covered  -  FY65-71 
(shaded  portion  of  bar)  -  as  compared  to  the  final  three  years  of  the 
period  covered  -  FY72-74  (unshaded  portion  of  bar).  The  meaning  of 
bar  shading  (i.  e.  ,  shaded  portion  represents  first  seven  years  of  patent- 
ing, and  unshaded  portion  represents  last  three  years  of  patenting)  is 
the  same  throughout  the  chart.  The  next  two  bars  in  the  top  portion 
of  the  chart  show,  respectively,  U.  S.  and  foreign  patenting  in  the  area 
and  indicate,  as  well,  the  percent  of  total  patents  for  which  each  ac- 
counts. 

Below  the  dotted  line,  bars  are  shown  for  each  country  (and  any  "All 
Other"  grouping)  given  in  the  "country  table.  "  The  first  bar  in  the 
lower  portion  is  of  fixed  length  and  represents  the  patenting  of  the  res- 
idents of  the  most  active  foreign  country  (in  terms  of  total  patents  granted 
in  the  area).  Indicated  for  this  country  and  each  that  follow  in  the  chart 
is  that  country's  portion  of  the  total  patents  granted  to  all  foreign  resi- 
dents (i.e.,  that  country's  "%  of  foreign  share").  Also  indicated,  in  pa- 
rentheses, is  the  specified  country's  portion  of  all  patents  granted  in 
the  area  (i.  e.  ,  "%  of  total").  [Note:  Because  of  rounding,  percentages 
may  not,    in  all  cases,    total  100%.  ] 

The  three  "examiner  reports",  which  end  this  Section,  differ  in  statistical 
coverage  from  the  other  areas  reviewed,  in  that  their  period  of  coverage 
has  been  extended  to  include  patents  issuing  through  June  30,  1975.  In  addi- 
tion, at  the  end  of  each  of  these  reports  a  "bibliography"  is  given  which 
lists    all  patents  specifically  referred  to  in  the  body  of  the  report. 
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HIGH  FOREIGN  SHARE  --  ELECTRICAL/MECHANICAL 

TECHNOLOGIES 


TECHNOLOGY 


AVERAGE* 
%    FOREIGN 


PAGE 


Special  stitch  knitting  machines 

Mineral  winning  machines 

Electrically  controlled  clockwork  movements 

Calendar  watches 

Safety  release  ski  bindings 

Machines  for  liquid  treatment  of  textile 
material 

Production  of  flat  glass 

Fiber  strand  false  twisting  devices 

Linear  electric  propulsion  systems  for 
"tracked"  vehicles 

Slack  adjuster  for  drum-type  brakes 

Continuous  bobbin  and  cop  winding 

Electron  microscopes 

Car  mounted  ballast  tamper 

Tuning  fork  drive  clockwork  movements 

Circuit  breakers  with  arc  extinguisher 


100.0% 

36 

95.  2% 

68 

94.  4% 

21 

92.  7% 

22 

83.  7% 

69 

82.  8% 

39 

80.  6% 

65 

79.4% 

38 

78.  7% 

17 

77.  8% 

18 

77.  6% 

37 

76.  5% 

31 

72.3% 

19 

71.6% 

20 

71.  1% 

28 

*        For  Fiscal  Years   1972-1974  (i.  e.  ,    7/1/71    -6/30/74) 
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96.  3% 

52 

78.  1% 

48 

76.  2% 

59 

75.7% 

42 

72.  7% 

61 

HIGH  FOREIGN  SHARE  --  CHEMICAL  TECHNOLOGIES 

AVERAGE* 
TECHNOLOGY %  FOREIGN    PAGE 

Cyclopentanohydrophenanthrene  containing 
glycosides 

2 -Substituted  oxazoles  and  oxazolidines 

Dyeing  of  skins,    hair,    fur  or  feathers 

Color  picture  production 

Production  of  nickel  or  cobalt  metal 

Preparation,    recovery  and  purification  of 

lactams  71.2%  57 

Certain  compounds  containing  an  intercyclic 
acyclic  methine  linkage 

Heterocyclic  nitrogen  compounds 

Unsaturated  acids  from  unsaturated  aldehydes 

Subtractive  methods  for  producing  color 
pictures 

Fermentates  of  unknown  structure 

Distillation  in  the  presence  of  inhibitors  or 
stabilizers 

Processes  for  making  portland  type  cements 

6  -Oxychromans 


71.0% 

46 

68.  9% 

49 

67.  5% 

54 

67.  0% 

43 

66.  2% 

53 

65.  3% 

58 

64.  8% 

60 

63.  9% 

51 

For  Fiscal  Years  1972-1974  (i.  e.  ,    7/1/71    -  6/30/75) 
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HIGH  OVERALL  GROWTH  --  ELECTRICAL /MECHANICAL 

TECHNOLOGIES 


AVERAGE* 
TECHNOLOGY %  GROWTH     PAGE 

Shift  registers  utilizing  FET'S 

Control  of  oil  spillages  in  bodies  of  water 

Integrating  converters 

Cardiac  pacemakers 

Intelligence  comparison 

Gas  lasers** 

Machine  readable  encoded  records 

Machines  for  harvesting  trees 

Optical  fiber  waveguide 

Delta  modulation  systems 

Microfilm  display  devices  for  information 

retrieval  28.6%  24 

Linear  electric  propulsion  systems  for 
"tracked"  vehicles 

Triac  control  devices 

Electric  photocopying  machines 

Fluid  collectors  for  diagnostics 


62.  2% 

34 

50.  8% 

66 

48.  4% 

32 

40.4% 

63 

38.0% 

26 

3  6.0% 

85 

35.3% 

25 

33.  1% 

67 

32.  1% 

23 

30.  5% 

35 

27.  5% 

17 

26.  2% 

33 

25.  6% 

45 

24.  8% 

64 

*        For  Fiscal  Years  1972-1974  (i.e.,    7/1/71    -  6/30/74) 

**      "Examiner    Report"         Statistical  coverage  extended  to  include  Fiscal 
Year  1975  (i.  e.  ,    through  6 /30/75) 
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HIGH  OVERALL  GROWTH  --  CHEMICAL  TECHNOLOGIES 

AVERAGE* 
TECHNOLOGY %  GROWTH     PAGE 

Prostaglandins**  83.  5%  71 

Electrolytic  analyzing  or  testing  apparatus  43.  0%  30 

Physical  development  of  certain  exposed  light 

sensitive  elements  38.1%  41 

Substantially  pure  carbon  products  29.  6%  62 

Dyeing  of  polyester  blends  26.  5%  40 

Cepham  or  cephem  ring  containing  compounds  26.  5%  50 

Color  electrophotography**  25.  2%  79 

Synthetic  resinous  block  copolymers  25.  2%  56 

Processes  for  preparing  esters  from  olefins  25.  1%  55 

Heterocyclic  stilbenes  and  styrenes  22.7%  47 

Electrophotographic  media  22.  5%  44 

Preparation  of  semiconductors  21.  9%  29 

Primary  gas  batteries  20.  0%  27 


*        For  Fiscal  Years  1972-1974  (i.  e.  ,    7/1/71    -6/30/74) 

**      "Examiner   Report"         Statistical  coverage  extended  to  include  Fiscal 
Year  1975  (i.  e.  ,    through  6/30/75) 
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PROSTAGL  ANDINS 


Introduction 

Prostaglandins  are  pharmacologically  active  lipids,  widely  distributed  in 
animal  and  human  tissue,  which  are  among  the  most  potent  pharmaceutical 
agents  known.  They  elicit  multiple  responses  and  have  a  broad  spectrum 
of  activity. 

One  or  more  of  these  compounds,  in  doses  as  small  as  about  10  ng/kg,  (10 
billionths  of  a  gram  per  kilogram  of  recipient  body  weight),  can  affect  the 
reproductive,  cardiovascular,  respiratory,  nervous,  renal,  gastrointestinal, 
endocrine  and/or  metabolic  systems,  as  well  as  the  eyes,  nose  and  skin. 
Hence,  prostaglandins  are  useful  in  treating  a  wide  variety  of  diseases,  in- 
cluding, asthma,  ulcers,  and  hypertension.  In  addition,  they  have  uses  as 
labor  inducing,    abortive  and  antifertility  agents. 

Due  to  this  potency  and  broad  spectrum  of  activity,  this  area  has  exper- 
ienced phenomenal  growth  in  recent  years.  Since  1971,  patent  activity  in 
prostaglandins  has  been  growing  at  an  average  annual  rate  of  84%  which 
is  about  34  times  the  average  for  all  technologies.  The  following  graph  illus- 
trates  this   growth. 
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a*     The  technology    reviewed   in    this    report   is   substantially  encompassed   in 
U.S.     Patent   Classification    System    Class    260,     subclasses    468D    and    514D. 
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Since  1971,  34%  of  all  prostaglandin  patents  have  been  granted  to  foreign 
resident  inventors.  This  is  slightly  higher  than  the  all  technology  foreign 
share  average  of  30%  for  the  same  period.  As  shown  in  the  following  "coun- 
try table",    Sweden  is  the  most  active  of  the  foreign  countries. 


total  patents 
United  states 
total  foreign 
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JAPAN 
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Structurally,     the    natural    prostaglandins  are    20    carbon  unsaturated  hydroxy 
acids  having  the  following  carbon  skeleton, 


COOH 


with  a  hydroxy  group  at  the  15  position.  The  more  interesting  compounds 
have  a  double  bond  at  the  5  and/or  13  positions,  an  oxy  or  oxo  group  at 
position    9,     a   double   bond    at   position    10    or    an    oxy    group  at   position    11. 
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Thrust  Of  The  Technology 

Although  first  detected  in  the  early  1900's,  the  initial  work  involving  the 
isolation  and  identification  of  these  substances  was  not  completed  until  the 
late  1950's.  Many  of  the  natural  prostaglandins  were  patented  in  "pure  form" 
by  the  Bergstrom  group  in  Sweden  (l-5)a. 

The  delay  in  developing  prostaglandins  was  caused,  in  part,  by  a  lack  of  an 
abundant  source  for  these  compounds.  Wide-spread  clinical  use  of  these 
compounds  has  also  been  hampered  by  their  rapid  rate  of  metabolism  and 
the  lack  of  tissue  specificity.  Most  of  the  research  effort  has  focused  on 
overcoming  these  problems. 

Early  methods  for  obtaining  prostaglandins  involved  extraction  of  these 
compounds  from  mammalian  tissues,  such  as  sheep  vesicular  glands,  swine 
lung  and  human  seminal  plasma.  These  provided  only  very  small  quanti- 
ties of  prostaglandins.  Recently,  an  improved  extraction  process  was  de- 
veloped for  obtaining  PGA  b  and  certain  esters  thereof,  from  coral,  specif- 
ically,   plexaura  homomalla  (6,  7). 

Extraction  processes,    however,  do  not  economically  provide  the  quantities  of 
all  prostaglandins  needed.    Even  in  the  "improved"  process  mentioned  above, 
600    grams  of   coral    are  required  to  produce  only    7    grams  of   product.     As  a 
result,    most   of  the  patent    activity  in    this  area   focus  on  methods  of    synthe- 
sizing prostaglandins. 

Early  attempts  to  obtain  prostaglandins,  utilizing  synthetic  processes,  em- 
ployed the  biosynthetic  incubation  of  straight  chain  fatty  acids.  Methods  of 
maximizing  yields  in  these  reactions  were  developed  by  groups  at  Up- 
john (8,  9)  in  the  United  States  and  at  Unilever  (lO)  in  the  Netherlands.  The 
Upjohn  group  aerobically  incubated  certain  fatty  acids  with  mammalian  gland 
tissue  or  with  Subphylum  2  of  Phylum  III.  The  Unilever  group  incubated 
cis  polyenecarboxylic  acids  with  mammalian  gland  tissue  in  the  presence 
of   glutathione. 


a.  Numbers  in  parentheses  refer  to  patents  identified  in  the  Bibliography 
at  the  end  of  this  report. 

b.  Names  are  abbreviated  using  PG  for  prostanglandin,  a  letter  symbol  to 
indicate  the  particular  substitution  on  the  5-membered  ring,  a  subscript  num- 
ber to  indicate  the  number  of  bonds  in  the  side  chains  and  subscripts  a  or 
3  to  indicate  the  configuration  of  the  9-hydroxy  group.  For  example,  the  E 
prostaglandins  have  an  oxygen  at  carbon  9  while  the  natural  ocurring  F 
prostaglandins  have  an  a  -hydroxy  group  at  this  position.  The  A  prostaglan- 
dins have  a  10-11   double  bond. 
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Initial  attempts  at  the  complete  chemical  synthesis  of  the  most  potent  prosta- 
glandins were  frustrated  by  the  isomerism,  arising  from  as  many  as  five 
asymmetric  centers  and  three  double  bonds,  present  in  these  compounds. 
The  most  active  derivatives  have  specific  configurations  at  each  asymmetric 
carbon  atom  and  double  bond,  so  that  highly  stereoselective  methods 
are  needed. 

Early  chemical  syntheses  were  developed  in  the  United  States  (11),  Canada 
(12),  England  (13),  and  Japan  (14).  The  United  States  group  prepared 
PGBj  from  o-methoxyphenylacetic  acid  in  seventeen  steps.  The  Canadian 
group  prepared  PGFia  and  PGF.pfrom  cyclopentenol  in  about  12  steps.  The 
Japanese  employed  eight  steps  to  prepare  PGF  from  derivatives  of  cyclo- 
pentatrione.  The  English  used  enamine  derivatives  of  cyclopentanone  to 
prepare  pros taglandin  type  compounds  in  eight  steps.  All  of  these  syntheses, 
however,  were  tedious,  gave  low  yields  and  often  led  to  products  which  did 
not  have  the  desired  stereochemistry. 

Since  the  late  1960's  three  chemical  syntheses  leading  to  stereospecific 
prostaglandins  have  been  developed  in  the  United  States.  These  processes, 
described  in  the  literature  and  recently  reviewed  (15),  provide  large  quan- 
tities of  prostaglandins  and  their  analogues  and  essentially  overcome  the 
supply  problem.  Variations  of  these  processes  utilize  tricyclic  ketone  inter- 
mediates (16),  7-[2-  g  -hydroxymethyl-3a  -  (tetrahydropyran-2-yloxy)-5- 
acetoxycyclopent- 1  a  -yl  ]  heptanoate  intermediates  (17)  and  the  conversion 
of  3 -oxo-1 -iodo-1 -trans -octene to  3(S  or  R)-hydroxy-l -iodo-1 -trans-octene 
via  fermentation   with    ascomycetes,    phycomycetes  or    fungi  imperfecti    (i8). 

Recently,  synthetic  paths  have  been  developed  to  convert  PGA2  into  the 
other  naturally  occurring  prostaglandins  (19)  and  into  various  novel  synthetic 
derivatives  by  adding  across  the  10-11   double  bond  (20,  21). 

Approaches  to  solve  the  problems  of  rapid  metabolism  and  the  lack  of  tissue 
specificity  focus,  for  the  most  part,  on  altering  the  structure  of  naturally 
occuring  prostaglandins  to  obtain  more  useful  analogues.  Numerous  modi- 
fications have  been  patented. 

One  of  the  first  of  these,  originating  in  the  Netherlands  (10),  involved  altera- 
tion of  the  C-20  chain  length  to  C-18  or  C-22.  Another  modification  was  the 
development  of  the  1 1 -deoxy  derivatives -a  valuable  group  of  compounds. 
11-deoxy  PGEj  and  1 1 -deoxy  PGF2  were  developed  very  early  in  the 
United  States  (22)  and  Canada  (23),  respectively.  More  recently,  11-deoxy 
PGE2  was  synthesized  in  France  (24).  Many  other  variations  employ  the 
11-deoxy  modification    (25-27).  9    and/or    15    deoxy   derivatives    have    also 

been  patented  (27-32). 

A  different  approach  to  altering  the  activity  of  natural  prostaglandins  involved 
the  substitution    of    additional     groups    into     the    basic    structure.         Insertion 
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a 


of  oxygen  (33),  sulfur  (25),  phenylene  (33)  ,  and  alicyclic  rings  (26)  into 
one  of  the  side  chains  has  lead  to  valuable  compounds.  Other  substitutions 
include  replacing  the  11-  (34)  or  15-hydroxy  (35)  with  lower  alkoxy  groups, 
converting  double  bonds  to  cyclopropyl  groups  (36),  and  the  addition  of 
numerous  substituents  such  as  nitromethyl,  phenyl3,  cyano'3,  and  phenylthioc 
in  the  1  1 -position  of  1 1   deoxy  PGE2(21). 

Many  new  analogues  have  been  produced  by  altering  the  stereochemistry  of 
known  compounds  including  the  nature  and  position  of  the  olefinic  groups. 
Examples  are  the  inversion  of  configuration  at  the  8-(37)  and  15-(38)  posi- 
tions; alteration  of  5-6  cis  and  13-trans  to  5-6  trans  (34)  and  13-cis  (40), 
respectively;  and,  the  preparation  of  4,  5-allenic  (41),  1 3 -ethynylenic  (42) 
11-12  olefinic  (43),  9-hydroxy-ll  -  oxo  (44),  1 3 -hydroxy  -1 4-ene  (45)  and 
1 1 -hydroxy  -  9-ene  (46)  containing  compounds. 

Various  derivatives  of  the  acid  and/or  hydroxy  groups  have  also  been  made. 
These  include  numerous  amine  salts  (47),  glyceride  and  phosphatide  esters 
(48),  and  clathrates  and  numerous  organic  esters  (49).  Recently,  selec- 
tively acylated  prostaglandins  have  also  been  prepared  (50). 

One  of  the  most  important  modifications,  developed  in  the  United  States 
(51-54),  Canada  (27),  and  Japan  (55),  appears  to  be  15  and  16  alkylation. 
Compounds  containing  15  and  16  alkyl  groups  are  metabolized  more  slowly 
and  show  more  specific  activity  than  their  naturally  occurring  counterparts. 
Two  known  analogues  of  this  type  arel5-methyl  PGE2,  an  antif ertility  agent, 
and  16,  16-dimethyl  PGE    ,    an  anti-ulcer  agent. 

Much  of  the  recent  effort  in  the  technology  involves  development  of  compounds 
which  alter  more  than  a  single  site  of  the  naturally  occurring  prostanglandins 
by  using  some  of  the  above  methods,  especially  alkylation  in  the  15-  and/or 
1  6-positions. 


Technology    Analysis  by 
Robert  Gerstl,    Ph.D. 
Patent  Examiner 


a.  Compounds  containing    this   substituent    are  separately  classified  in  Class 
260,    subclasses  473,    520. 

b.  Compounds  containing    this   substituent   are  separately  classified  in  Class 
260,    subclass  465. 

c.  Compounds  containing    this   substituent   are  separately  classified  in  Class 
260,    subclasses  470,    516. 
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COLOR     ELECTROPHOTOGRAPHY 


Introduction 


Xerography,  widely  used  in  the  Xerox  (Trademark)  copier,  is  the  best  known 
electrophotographic  method.  First  developed  in  the  late  1930's,  this  tech- 
nology, in  its  black  and  white  embodiment,  began  experiencing  rapid  growth 
in  the  1950's. 

Electrophotographic  processes  which  produce  natural  color  copies  emerged 
in  1942,  only  slightly  after  the  beginnings  of  black  and  white  electrophotog- 
raphy. However,  commercial  use  of  color  copying  occurred  only  recently. 
This  technology  started  growing  rapidly  in  1971  and  has  averaged  a  25% 
increase  in  each  of  the  years  that  followed.  This  growth,  which  is  about 
10  times  the  average  for  all  technologies  combined,  is  illustrated  in  the 
following  graph. 
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a.  The  technology    reviewed    in    this    report   is    encompassed    in    U.S.     Patent 
Classification  System  Class  96,    subclass  1.2. 
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Since  1971,  the  foreign  contribution  to  this  technology's  growth  has  amounted 
to  about  37%  of  all  patents  issued,  somewhat  higher  than  the  all  technology 
foreign  share  average  of  about  30%  for  the  same  period.  Thefollowing  "coun- 
try table"  indicates  the  distribution  of  the  patents  which  have  issued  in  this 
area  over  the  last  ten  fiscal  years. 


DISTRIBUTION  OF  PATENTS    IN  AREA  OF  INTEREST 


FY66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

TOTAL 

FY66-75 
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8 

3 

9 

9 

10 
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7 

3 

8 

9 

9 

8 

15 

22 

27 

20 

128 
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1 
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8 
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16 

13 

56 

JAPAN 

1 

2 

7 

11 

10 

12 

43 

AUSTRALIA 

1 

1 

1 

1 

4 

GERMANY 

1 

1 

1 

3 

SWITZERLAND 

2 

2 

UNITED  KINGDOM 

2 

2 

FRANCE 

1 

1 

BELGIUM 

1 

1 

Thrust  Of  The  Technology 

Color  electrophotographic  processes  in  general  relate  to  the  use  of  electri- 
cal fields  to  form  natural  color  pictures  on  photoconductive  or  electrically 
photosensitive  materials.  These  materials  are  imagewise  exposed  to  a  nat- 
tural  color  original  and  developed  to  form  a  natural  color  picture. 

One  of  the  earliest  processes  of  color  electrophotography  was  developed  by 
Carlson  in  1  942  (i)a.  His  process  successively  formed  red,  green,  and  blue 
separation  electrostatic  images  on  a  panchromatic  photoconductor.  These 
images  were  successively  developed  by  cyan,  magenta  and  yellow  toners, 
if  the  charged  areas  were  to  be  developed,  or  by  red,  green  and  blue  toners, 
if  the  uncharged  areas  were  to  be  developed.  The  developed  images  were 
then  successively  transferred  in  register  to  a  receiver  sheet  forming  a  nat- 
ural color  toner  picture. 


a.     Numbers  in  parentheses  refer  to  patents   cited  in  the  Bibliography  at 
the  end  of  this   report. 
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Nearly  20  years  after  the  Carlson  patent,  two  additional  processes  emerged 
in  quick  succession. 

In  1961,  Kaprelian  (2)  patented  a  process  using  three  separate  photoconduc- 
tive  drums  to  form  the  color  separation  images  discussed  above.  These 
were  developed  with  colored  toner.  The  toner  was  then  transferred  in  regis- 
ter to  a  receiver  sheet  to  form  a  natural  color  toner  picture. 

Greig  (3)  in  1962,  developed  a  process  which  avoids  registration  and  trans- 
fer problems  by  forming  the  natural  color  toner  image  directly  on  a  photo- 
conductive  sheet.  This  is  achieved  by  successively  depositing  colored  toner 
in  response  to  the  color  separation  electrostatic  images  on  the  photoconduc- 
tive  sheet.  The  deposited  colored  toner  is  overprinted  and  fixed  to  the  photo- 
conductive  sheet  to  form  a  natural  color  toner  picture. 

A  number  of  important  variations  of  the  Carlson,  Kaprelian  and  Greig 
processes  have  been  developed. 

Gaynor  (4)  patented  a  tricolor  screen  and  a  photoconductive  material  con- 
taining a  plastic  overlayer  which  deforms  in  response  to  an  imagewise  elec- 
trostatic charge  and  allows  a  natural  color  image  to  be  projected  there- 
through. 

Miller  et  al.  (5)  developed  a  simplified  process  employing  a  photoconduc- 
tive member  containing  a  mosaic  of  dots  each  sensitive  to  either  red,  green 
or  blue  light.  This  allowed  one  step  color  processing  by  removing  color 
from  dots  in  image  exposed  areas. 

Meyer  et  al  (6)  patented  another  way  of  developing  images.  He  employs 
a  photoconductographic  deposition  technique  using  a  dye  solution  electro- 
lytically  deposited  on  an  imagewise  exposed  photoconductive  sheet. 

In  an  alternative  approach,  Pressman  et  al.  (7,  8)  used  screens  coated  with 
photoconductive  materials  either  uniformly  electrostatically  charged  or  sub- 
jected to  an  electrical  field.  Upon  imagewise  exposure  to  light  these  screens 
allowed  toner  or  charged  ions  to  pass  through. 

Poor  picture  quality,  arising  from  a  difference  in  the  electrophotographic 
properties  of  photoconductive  coatings  in  the  image  and  nonimage  areas,  was 
overcome  by  Tamai  (9)  and  Sato  et  al  (10).  They  employ  a  dye  absorbing 
toner  material  in  the  photoconductive  coating.  The  absorbed  dye  is  trans- 
ferred imagewise  to  a  receiver  sheet  or  to  a  dye  absorbing  photoconductive 
layer  upon  which  a  nonabsorbing  toner  image  is  formed. 

Smith  et  al,  (1  1  )  avoided  the  problem  of  using  highly  colored  and  imperfect 
dyes  by  using  separate  colorless  reagents  in  the  toner  material  and  in  the 
photoconductive  layer  or  receiver  sheet.  These  react  with  one  another  on 
contact  to  produce  a  color  image. 

Other  patented  variations  attempt  to  improve  picture  color  quality  by  man- 
ipulation of  the  electrostatic  charge,     the  amount   or  intensity  of  light,    or  the 
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amount  of  colored  toner  deposited  in  the  image  areas,  and  by  the  use  of  color 
standards  for  calibrating  multi-color*  electrophotographic   machines   (12-21). 

Recently,    the     electrophotographic     method    known  as     photoelectrophoresis, 
exemplified   by     Tulagin    et    al.     (22),     was    developed.        This    process  greatly 
simplifies    earlier    methods    and     is    used     in     the   majority    of    color    electro- 
photography  patents. 

Photoelectrophoresis  methods  employ  an  insulating  liquid  carrying  a  suspen- 
sion of  cyan,  magenta  and  yellow  electrically  photosensitive  particles.  The 
insulating  liquid  is  spread  between  a  conductive  "injecting"  electrode  and  a 
"blocking"  electrode  having  an  electrically  insulating  overlayer.  An  electrical 
field  is  generated  between  the  electrodes  and  the  suspension  is  exposed  to 
a  natural     color    picture.  Electrically   photosensitive    particles,     sensitive 

to  the  particular  wavelengths  of  light  in  the  exposure  step,  migrate,  to  the 
blocking  electrode    to  form  a  natural  color  picture  on  the  blocking  electrode. 

Manifold  (23)  andmigration  (24)  imaging  are  two  other  color  processes  which 
simplify  earlier  methods.  In  manifold  imaging  a  binder  layer  carrying  elec- 
trically photosensitive  particles  is  placed  between  two  supports.  The  binder 
layer  is  softened  by  solvent  or  heat,  placed  under  an  electrical  field  and 
imagewise  exposed  to  light.  The  supports  are  then  separated  causing  pieces 
of  binder  and  electrically  photosensitive  material  to  preferentially  adhere 
to  one  of  the  two  supports.  In  migration  imaging,  electrically  photosensitive 
material  in  a  binder  is  uniformly  electrostatically  charged  and  imagewise 
exposed.  The  binder  is  then  softened  to  allow  selective  imagewise  migration 
of  the  electrically  photosensitive  material. 

Current  patent  activity  seems  to  be  directed  toward  improving  image  color 
fidelity: 

-  in  conventional  electrophotographic  process,    for  example,    by  varying 
electrostatic  charging  and  exposure  techniques;  and 

-  in  photoelectrophoresis,    for  example,    by 

color  masking, 

use  of  particle  additives, 

removal  of  selected  wavelengths  of  electromagnetic  radiation 

from  the  imagewise  exposed  illumination, 

adjustment  of  the   sizes   of  electrically  photosensitive  particles, 

varying  the  electrostatic  charge  on  the  suspension,    and 

use  of  ultrasonic  vibration  during  imaging. 


Technological  analysis  by 
Roland  E.    Martin,    Jr. 
Patent   Examiner 
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GAS    LASERS  a 


Introduction 

In  1958,  Charles  H.  Townes  and  Arthur  L.  Schawlow  jointly  proposed  a 
system  in  which  atoms  of  a  metallic  vapor  could  be  pumped  to  excited  states 
and  stimulated  to  emit  light  radiation  (i )  .  Shortly  thereafter,  in  July 
I960,  a  new  and  unique  light  was  first  produced  by  Theodore  H.  Maiman 
using  a  small  cylinder  of  pink  synthetic  ruby  (2).  This  was  the  birth  of  an 
entirely  new  technology  for  producing  and  using  this  light,  called  laser0 
light,    from  devices  called  lasers. 

Laser  light  is  unlike  any  other  light  previously  known  in  being  highly  co- 
herent, i.e.,  it  exhibits  small  divergence,  monochromaticity  (single  wave- 
length) and  uniform  frequency,  phase,  amplitude,  and  direction.  These 
highly  desirable  characteristics  make  this  light  useful  for  a  variety  of 
engineering  and  biological  applications. 

Laser  light,  because  of  its  coherency  and  high  frequency,  has  great 
potential  use  in  the  communication  field  as  a  transmitting  medium  for 
phone  and  television  signals.  A  common  gas  laser  beam  (helium-neon) 
can,  in  theory,  carry  as  many  as  ten  million  simultaneous  phone  calls  or 
eight  thousand  simultaneous  television  programs.  Other  engineering  appli- 
cations include  use  in  tracking  and  ranging  systems,  surveying,  mechani- 
cal measurements  (earth  movement,  building  sway,  machine  tool  control, 
etc.  ),   welding  and  cutting,    and  holography. 

Laser  beams  are    fast    replacing  conventional   needle    like  probes  and  xenon 
photocoagulators  in  the  welding  of  detached  retinas.     Medical  uses  of  lasers 
also  include    skin    and    cosmetic    repair,     transillumination,     neurosurgery, 
and  density  and  cell  identification. d 


a.  The  technology    reviewed    in    this    report   is  encompassed    in    U.  S.     Patent 
Classification  System  Class  331,    subclass   94.  5G 

b.  Numbers  in  parentheses  refer    to  patents  cited    in    the  Bibliography  at  the 
end  of  this  report. 

c.  Laser    is    an    acronym    standing    for    "Light  Amplification   by    Stimulated 
Emission  of  Radiation  " 

d.  From    Van    Pelt    et   al.     "Laser    Fundamentals    and  Experiments",     U.S. 
Department  of  Health,    Education  and  Welfare,    SWRHL   (i970) 
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Gas  lasers,  the  most  common  in  use  today,  employ  a  gas  medium  to  am- 
plify light.  The  gas  system  is  excited  by  various  means,  such  as  an  elec- 
trical discharge  passing  through  the  gas.  Laser  light  is  produced  when 
this  gas  system  de-excites  spontaneously.  With  continuous  excitation  a 
continuous  beam  of  laser  light  can  be  obtained  from  a  gas  laser.  This 
is  an  advantage  over  other  types  of  lasers  which  generally  produce  only 
pulses  of  laser  light. 

The  first  gas  laser,  developed  in  1961,  led  the  way  to  numerous  devel- 
opments in  this  field.  Since  1971  the  patent  activity  in  this  technology 
has  been  growing  at  an  average  annual  rate  of  36%,  which  is  about  15  times 
the  average  for  all  technologies  combined.  The  following  graph  illustrates 
this  growth. 


PATENT  ACTIVITY 

FISCAL  YEARS  1966   -   1975 


PATENTS 


42 


28 


14 


66  67  68  6':.'  70         71  72  73  74  75 


a.     Three    other    types    of   lasers    are    the  solid    state,     liquid   and    semicon- 
ductor lasers. 
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The  foreign  share  of  the  patent  activity  amounts  to  18%  of  all  patents  issued, 
which   is    only    slightly  more    than   half    the    average    of  30%  for  all  technolo- 
gies combined.     The    following    "country    table"    indicates     the    distribution 
of  the  patents  which  have  issued  in  this  area  over  the  past  ten  fiscal  years. 


DISTRIBUTION  OF  PATENTS  IN  AREA  OF  INTEREST 
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JAPAN 
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CANADA 
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13 
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2 

10 
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16 
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1 

3 

3 

2 

6 

3 

7 

7 

32 

2 

1 

2 

1 

1 

7 

1 

2 

1 

1 

1 

2 

1 

1 

1 

1 

1 
3 

1 
1 

1 

2 
1 
1 
1 

1 

7 
6 
5 
3 
2 
1 
1 

Thrust    Of  The  Technology 

Gas  lasers  may  conveniently  be  divided  into  seven  broad  subdivisions: 
atomic  lasers  (3)  ,  molecular  lasers  (4),  ion  lasers  (5),  chemical  lasers 
(6),  lasers  which  employ  monoenergetic  electrons  for  excitation  (7),  those 
involving  vibrational  energy  transfer  (8)  and  those  which  employ  unusual 
excitation  techniques  [e.  g.  ,  transfer  discharge  laser  (9),  traveling  wave 
excited  lasers   (10)  and  gas  dynamic  lasers  (11)]. 

Most  of  the  patent  activity  has  been  directed  to  obtaining: 

-  wider  selection  of  emission  frequencies 

-  greater  frequency  and  amplitude  stability 

-  greater  output  power 

-  higher  energy  conversion  efficiencies 

Emission  Frequencies: 

The  search  for  more  emission  frequencies,  or  wavelengths,  has  essen- 
tially been  reduced  to  a  search  for  additional  lasing  materials.  Literally 
thousands  of  laser  materials  and  their  characteristic  emission  frequencies 
have  been  catalogued  and  published.  Recent  patents  utilize  gas  lasing  med- 
iums consisting  of   carbon   dioxide  -    nitrogen  -    helium  -   water  vapor    (i2); 
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carbon  dioxide  -  nitrogen  (13);  helium  -  cadmium  (14);  krypton  -  helium 
(15);  helium  -  nitrogen  -  carbon  dioxide  -  benzene  or  alkyl  benzene  (i6); 
carbon  monoxide  or  carbon  dioxide  -  diazo  gas  (diazomethane  or  cyclo- 
diazomethane)  (^7);  or  cesium  -  copper  (18). 

Several  lasing  mediums  have  been  patented  recently  wherein  the  active 
medium  is  formed  in  situ.  Examples  are  carbon  monoxide  from  hydro- 
gen -  air  -  acetylene  (19)  or  ketene  (20);  iodine  from  perfluoromethyl 
iodide  and  hexafluoroazomethane  (21);  and  fluorine  from  hydrogen  fluor- 
ide,   helium  and  molecular  hydrogen  (22). 

Materials  have  also  been  found  which  extend  the  frequency  boundaries 
into  the  X-ray  and  gamma  ray  range  (23). 

Frequency  And  Amplitude  Stability: 

The  related  problems  of  frequency  and  amplitude  stability  were  attacked 
almost  from  the  moment  of  the  laser's  inception.  Most  techniques  attempt 
to  minimize  these  problems  by  monitoring  the  laser  output  and  comparing 
it  with  a  reference  or  standard.  This  provides  a  feedback  or  control  sig- 
nal which  compensates  for  shifts  in  frequency  or  amplitude  (24). 

Output  Power: 

The  quest  for  greater  output  power   has  produced  some  of  the  most  unusual 
types  of  lasers.       These  include  lasers  which  utilize  large  scale  explosion, 
rocket  type    exhausts     (25)    and    mile    long    dimensions     (26).  These    are 

generally  massive  devices  which  are  quite  expensive  to  construct.  Many 
of  these  have  military  applications. 

Efficiency: 

Laser  efficiency  remains  a  formidable  problem  and  one  for  which  no 
adequate  solution  is  in  sight.  The  conversion  of  input  energy  to  useful 
output  power  was  very  small  in  the  earliest  lasers  and  is  only  slightly 
better  in  the  most  modern  versions.  Approaches  to  this  problem  vary  from 
ways  to  pump  existing  lasers  more  efficiently,  to  development  of  new  laser 
mediums  which  are  inherently  more  efficient.  Recent  examples  of  these, 
leading  to  more  efficient  carbon  monoxide  lasers,  employ  a  supersonic 
nozzle  to  decrease  the  translational  temperature  of  the  gas  (27)  or,  xenon 
or  mercury  vapor  together  with  carbon  monoxide  in  the  discharge  tube  (28). 

Research  efforts  in  the  future  will  undoubtedly  continue  to  focus  on  im- 
proving the  quality  and  quantity  of  the  laser  output,  especially  the  output 
power  and  energy  conversion  efficiency. 


j.  ^cnnology  Analysis  by 
William  Sikes 
Patent  Examiner 
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23. 

3484721 

24. 
25. 
26. 
27. 
28. 

3453557 
3842363 
3886480 
3811095 
3761838 

Schawlow  et  al. 

Maim  an 
Bennett 

Patel 

Gordon  et  al. 

Gregg  et  al. 

Lamb  et  al. 

Ultee 

Beaulieu  et  al. 
Godard 

Burwell  et  al. 
Timmermans 
Patel 

Rigden 

Tomiyama  et.al. 
Schriever  et  al. 
Melamed  et  al. 

Karras 
Bury  et  al. 
Phillips  et  al. 

Srinivasan 
Jeffers  et  al. 

Bond  et  al. 


Polanyi  et  al. 
Dobrzelecki  et 
Vali  et  al. 
Rich  et  al. 
Bhaumik  et  al. 


al. 


Bell  Telephone  Labs, 

Inc.  USA 

Hughes  Aircraft  Co.  USA 
Bell  Telephone  Labs, 

Inc.  USA 
Bell  Telephone  Labs, 

Inc.  USA 
Bell  Telephone  Labs, 

Inc.  USA 
U.  S.    Atomic  Energy 

Commission  USA 
Bell  Telephone  Labs, 

Inc.  USA 

United  Aircraft  Corp.  USA 

Canada  Canada 
Co.    General 

D'  Electricite  France 

United  Aircraft  Corp.  USA 

U.  S.    Phillips  Corp.  USA 
Bell  Telephone  Labs, 

Inc.  USA 

Perkin-Elmer  Corp.  USA 

Hitachi-Limited  Japan 

U.  S.  A.  F.  USA 
Westinghouse  Electric 

Corp.  USA 

General  Electric  Co.  USA 

U.  S.  A.  F.  USA 
Westinghouse  Electric 

Corp.  USA 

IBM  Corp.  USA 
McDonnel  Douglas 

Corp.  USA 
Bell  Telephone  Labs, 

Inc.  USA 

Laser,    Inc.  USA 

U.S.  A.  F.  USA 

none  USA 

Calspan  Corp.  USA 

Northrop  Corp.  USA 


a.     Includes  patents    through  June    1975    available    to    the  patent  examiner  at 
the  time  this  report  -was  prepared. 
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SECTION n 

PATENT  ACTIVITY  IN  STANDARD  INDUSTRIAL 
CLASSIFICATION  FIELDS 

'General 

The  premise  underlying  the  work  of  the  Office  of  Technology  Assessment 
and  Forecast  (OTAF)  is  that  U.S.  patent  activity  is  an  indicator  andmeas- 
ure  of  technological  activity.  As  such,  patent  data,  because  of  their  objec- 
tive characteristics,  represent  a  tool  for  use  in  analyzing  technological 
efforts. 

The  very  nature  of  patents  makes  evident  the  significance  of  patent  data 
in  carrying  out  such  analyses.  Each  patent  granted  is  required  by  law 
to  set  forth  an  invention  that  is  new  and  not  a  mere  obvious  adaptation 
of  the  existing  technology.  Because  of  the  expense  involved  in  obtaining 
patents,  generally  only  those  inventions  felt  to  have  potential  commercial 
merit  and  expected  to  recoup  their  costs  are  patented.  Therefore,  by 
comparing  patenting  among  various  technological  areas,  one  can  often 
get   an  objective  picture  of  the  effective  technological  effort  in  those  areas. 

Patent  data  alone  can  be  used  to  ascertain  technological  trends  in  both 
broad  and  very  specific  areas  across  the  entire  technological  spectrum. 
However,  a  much  more  complete  picture  might  be  obtained  by  correlating 
the  patent  data  with  other  information  relating  to  technological  activity. 
Particularly  intriguing  has  been  the  possibility  of  correlating  patent  data 
with  information  of  an  economic  nature,  such  as  data  on  R&D  expenditures 
or  R&D  manpower  allocations. 

Yet,  in  order  to  correlate  patent  data  and  economic  data,  one  must  first 
develop  the  relationships  between  the  U.S.  Patent  Classification  System 
(USPC)  and  the  Standard  Industrial  Classification  System  (SIC)  -  the  most 
commonly  used  categorization  for  collecting  resource  and  economic  data. 
It  is  at  this  point  that  previous  large  scale  efforts  in  the  area  have  be- 
come stymied. 

In  1974,  however,  the  Science  Indicators  Unit  of  the  National  Science 
Foundation  (NSF)  asked  OTAF  to  develop  patent  data  in  industrial  product 
fields  comparable  with  those  of  the  SIC.  The  requested  data  was  to  be 
used  in  the  preparation  of  NSF's  bi-annual  Science  Indicators  publication. 

To  carry  out  this  project,  the  building  of  a  concordance  between  the 
Standard  Industrial  Classification  System  and  the  U.S.  Patent  Classi- 
fication System  became  a  necessary  initial  goal.  Once  accomplished, 
itwas  possible  to  use  the  concordance  for  meeting  the  ultimate  objective 
of  furnishing  NSF  with  information  on  patent  output  in  various  industrial 
product  groupings. 


-92- 


Methodology 

A  detailed  concordance  directly  relating  specific  SIC  industries  to  patent 
classes  and  subclasses,  while  an  ultimate  aim,  was  beyond  the  scope  of 
techniques  available  at  the  time  the  project  was  undertaken.  Therefore, 
as  a  first  step  in  the  development  of  such  a  detailed  concordance,  OTAF 
manually  related  patent  classifications  to  certain  SIC  manufacturing  in- 
dustries aggregated  together  to  form  product  fields. 

NSF  furnished  OTAF  with  a  list  of  thirty  product  fields  and  the  SIC  indus- 
tries that  had  been  grouped  together  to  form  each.  (This  Product  Field 
list  immediately  follows  this  introduction).  Each  of  these  fields  is  defined 
by  one  or  more  two-  or  three-digit  SIC  industry  categories.  In  some 
cases  four-digit  specific  industry  codes  are  used  to  further  delineate  the 
product  fields. 

The  SIC  is  an  establishment  based  classification  system -with  its  categories 
created  to  correspond  to  fields  of  industrial  activity.  The  USPC,  on  the 
other  hand,  uses  as  its  basis  of  classification  the  technological  features 
that  make  inventions  patentable  -  elements  of  structure;  functions  of 
products  and  apparatus;     and,     processes  of  manufacture  and  preparation. 

Because  of  the  nature  of  each  classification  system,  the  basic  questions 
asked  in  relating  patent  classifications  to  SIC  categories  were:  "What 
type  of  establishmentwould  be  engaged  in  producing  the  products  or  appar- 
atus having  the  structural  or  functional  features  encompassed  by  that  pat- 
ent classification?  or  "What  type  of  establishment,  in  producing  products 
or  apparatus,  would  be  carrying  out  the  process  steps  included  in  the 
patent  classification?  " 

In  those  cases  where  these  questions  could  not  be  clearly  answered  and 
ambiguity  existed  as  to  which  of  several  possible  SIC  groups  to  assign 
a  patent  classification,  it  was  placed  in  all  of  the  possible  groups.  This 
was  done  on  the  theory  that  the  technology  disclosed  in  the  patents  in  those 
classifications  was  pertinent  to  each  of  the  several  product  groups. 

The  documents  that  served  as  the  basic  tools  in  relating  patent  classi- 
fication to  SIC  product  fields  were  the  U.S.  Patent  Classification  Manual 
updated  through  June  30,  1973,  and  the  1972  edition  of  the  Standard  In- 
dustrial Classification  Manual.  1/  The  fifteen  volume  set  of  Definitions  of 
U.S.  Patent  Classifications  was  also  used  in  those  instances  where  Class 
and  subclass  titles  were  not  sufficiently  descriptive  to  permit  assignment 
to  product  fields. 


1_/    A  project    is    presently    underway    to  update    the  concordance    to  reflect 
all    changes     to    the    U.S.     Patent   Classification    System    through   June    30, 
1975. 
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As  the  firstphase  of  creating  the  concordance,  each  of  the  over  300  major 
Classes  of  the  USPC  was  considered.  For  each  Class  it  was  determined 
whether  the  subject  matter  of  the  Class  was  sufficiently  homogeneous 
to  permit  its  assignment  in  whole  or  in  major  portion  to  the  relevant 
product  fields.  More  than  one-half  of  the  classes  were  susceptible  to 
assignment  in  this  manner. 

The  detailed  analysis  of  the  non-homogeneous  classes  involved  scanning 
the  subclass  blocks  within  each  Class  to  determine  the  extent  to  which 
they  were  amenable  to  assignment  as  a  whole  to  the  relevant  product 
fields.  If  they  were  not,  then  each  subclass  was  considered  individually 
until  all  were  assigned. 

The  NSF    supplied  list   of  product  fields  was  limited  almost  exclusively  to 
manufacturing  industries  and  did   not   include    fields  such  as  construction, 
agriculture  and  most  areas  of  mining.      Even  in  manufacturing,    industries 
such  as  tobacco,    apparel,    paper,    furniture  and  lumber  were  not  included. 
Because    the    technological    spectrum  encompassed  by    the  patent    classifi- 
cation system    is    much  broader     than     the    industries   represented    in     the 
thirty  specified  product  fields,    some  subclasses  were  excluded.  However, 
these  subclasses  contain   less  than  four  percent  of  the  total  patents  issued 
during  the  period  under  consideration. 

Once  the  concordance  was  completed  it  was  possible  to  access  the  OTAF 
data  base,  extract  all  U.S.  patents  for  the  period  1963  through  June  30, 
1973  and,  through  the  concordance,  classify  these  patents  into  the  30 
specified  product  fields.  These  patents  were  also  assigned  to  six  addi- 
tional broad  groupings  which  were  specified  by  NSF  as  combinations  of 
twenty-one  of  the  thirty  product  fields. 

This  procedure  resulted  in  the  extraction  of  about  5.  1  million  patent  rec- 
ords consisting  of  3.  14  million  records  in  the  30  specific  product  fields 
and  1.95  million  in  the  additional  six  combination  fields.  These  counts, 
however,  reflect  patents  being  counted  more  than  once  in  a  given  product 
field  because  of:  1)  the  Patent  and  Trademark  Office  practice  of  cross- 
referencing  patents  into  all  subclasses  for  which  they  contain  inventive 
disclosure;  and,  2)  the  fact  that  in  creating  the  concordance  many  related 
subclasses  were  often  combined  into  a  single  product  field. 

To  provide    a   more    accurate    picture    of   patent   activity   by   product  field, 
a  computerized  duplicate  elimination  procedure  was  used  to  eliminate    the 
distorting  affect  of  multiple  counting  of  patents  within  a  single  field.    After 
application  of  this  procedure  a  total  of  2.  1  million  unique  patent  placements 
remained. 

To  provide  a  picture  of  how  this  total  is  distributed  among  the  thirty 
specific    fields    and    six    combination    fields,     the    thirty-six   fields,     along 
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with  the  total  number  of  unique  patents  placed  in  each  in  the  period  from 
1963  through  June  30,  1973,  are  shown  on  the  page  subsequent  to  the 
Product  Field  list  immediately  following  this  introduction.  The  number 
given  for  each  of  the  six  combination  fields  is  less  than  the  sum  of  the 
patent  totals  for  its  components  because  patents  appearing  in  more  than 
one  of  the  components  were  counted  only  once  in  forming  the  combination 
field. 

This  file  was  then  summarized  on  the  basis  of  year  of  issue  of  patents, 
U.S.  or  foreign  residence  of  inventor,  and  type  of  ownership  of  patents  for 
each  product  field.  Since,  at  the  time  the  report  was  prepared,  actual 
data  was  available  only  through  the  first  six  months  of  1973,  all  1973 
figures  were  doubled  to  produce  estimated  annual  totals  for  1973.  The 
summary  file  served  as  the  input  to  the  programs  that  produced  the 
accompanying  statistical  table  and  graph  for  each  product  field. 


Explanation  of  Tables 

The  table  for  each  field  shows  how  the  U.S.  patents  found  in  it  are  dis- 
tributed on  a  year-by-year  basis.  The  top  portion  of  the  table  is  the 
distribution  of  patents  while  the  lower  portion  shows  percentage  distribu- 
tion of  patents. 

For  each  year  the  total  number  of  placements  of  U.  S.  patents  in  the  pro- 
duct field  is  first  broken  down  as  to  origin  -  the  United  States  or  a  foreign 
country.  A  patent  is  considered  to  have  originated  in  the  United  States 
if  it  issued  to  an  inventor  who  is  a  U.  S.  resident.  If  the  inventor  is 
a  resident  of  a  foreign  country,  the  patent  is  considered  to  be  of  foreign 
origin. 

U.S.  origin  patents  are  then  further  broken  down  as  to  ownership.  Owner- 
ship is  determined  by  whether  or  not  the  inventor  had  assigned  owner- 
ship rights  at  the  time  the  patent  issued  and,  if  so,  to  whom  those  rights 
had  been  assigned.  If  the  patent  was  not  assigned  at  that  time  or  if  rights 
were  assigned  to  an  individual  person  who  was  a  U.S.  resident,  then  the 
patent  is  considered  to  be  owned  by  a  U.  S.  individual.  Other  categories 
take  care  of  those  patents  which  were  assigned  to  corporations  domiciled 
in  the  United  States  or  to  agencies  of  the  U.  S.  government.  Any  U.  S. 
origin  patent  assigned  to  a  foreign  corporation,  individual  or  government 
entity  is   considered  to  be  foreign  owned. 

Ownership  of  foreign  origin  patents  is  similarly  determined  through  their 
assignment.  Any  foreign  origin  patentwhich  is  unassigned  or  assigned  to  a 
foreign  entity  is  deemed  as  foreign  owned  while  those  assigned  to  U.S. 
entities  are  counted  as  U.  S.    owned. 
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The  figures  in  the  tables  reflect  assignments  up  to  the  time  of  patent 
issue;  but,  patents  can  be  assigned  even  after  they  have  issued.  Conse- 
quently, the  figures  for  government,  corporate  and  foreign  ownership 
of  U.S.  origin  patents  should  be  considered  as  minimum  values  for  these 
categories.  Likewise  the  figures  for  U.S.  ownership  of  foreign  origin 
patents  should  be  considered  as  minimum  values.  This  is  especially  true 
of  this  latter  category,  since  those  foreign  origin  patents  assigned  to 
foreign  incorporated  subsidiaries  of  U.  S.  corporations  are  counted  as 
foreign  owned  and  not  as  U.  S.    owned. 


Explanation  of  Graphs 

The  table  for  each  product  field  is  followed  by  a  graph.  Depicted  are 
the  trends  in  total,  U.  S.  ,  and  foreign  origin  patenting  activity  over  the 
last  eleven  years.  Also  shown  are  the  relative  contributions  to  that  act- 
ity  of  U.  S.    and  foreign  origin  patents. 
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SIC  PRODUCT  FIELDS 


Product  Field  SIC  Category 

Food  and  Kindred  Products 

Textile  Mill  Products 

Basic  Industrial  Inorganic  and  Organic  Chemicals 

Plastics  Materials  and  Synthetic  Resins 

Agricultural  Chemicals 

All  Other  Chemicals 

Drugs  and  Medicine 

Petroleum  and  Natural  Gas  Extraction  and 

Petroleum  Refining 
Rubber  and  Miscellaneous  Plastics  Products 
Stone,    Clay,    Glass  and  Concrete  Products 
Primary  Ferrous  Products 

Primary  and  Secondary  Non-Ferrous  Metals 


Fabricated  Metal  Products 

Engines  and  Turbines 

Farm  and  Garden  Machinery  and  Equipment 

Construction,    Mining  and  Material  Handling  Machinery 

and  Equipment 
Metalworking  Machinery  and  Equipment 
Office,    Computing  and  Accounting  Machines 
Other  Machinery,    except  Electrical 

Electrical  Transmission  and  Distribution  Equipment 
Electrical  Industrial  Apparatus 

Other  Electrical  Machinery,    Equipment  and  Supplies 
Radio  and  Television  Receiving  Equipment,    except 

Communication  Types  365 

Electronic  Components  and  Accessories  and 

Communication  Equipment  366-367 

Motor  Vehicles  and  Motor  Vehicle  Equipment  371 

Guided  Missiles  and  Space  Vehicles  and  Parts  376 

Other  Transportation  Equipment  373-375,    379 

(except  3795) 
Ordinance,    except  Missiles  348,    3795 

Aircraft  and  Parts  372 

Professional  and  Scientific  Instruments  38  (except  3825) 


20 

22 

281,  286 

282 

287 

284,  285, 

289 

283 

13,  29 

30 

32 

331,  332, 

3399,  3462 

333-336, 

339 

(except  3399), 

3463 

34  (except 

:  3462, 

3463,  348) 

351 

352 

353 

354 

357 

355,  356, 

358 

359 

361,  3825 

362 

363,  364, 

369 
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SIC  PRODUCT  FIELDS 
Patent  Totals,    1 963-June  30,    1973     &    Page  Reference 

Product  Field  Patents 


Food  and  Kindred  Products 
Textile    Mill  Products 

Chemicals,      Except  Drugs  and  Medicines 
Basic  Industrial  Inorganic  and  Organic 

Chemicals 
Plastics    Materials  and  Synthetic  Resins 
Agricultural     Chemicals 
All    Other  Chemicals 
Drugs     and  Medicines 
Petroleum    and  Natural  Gas  Extraction  and 

Petroleum  Refining 
Rubber     and  Miscellaneous  Plastics  Products 
Stone,     Clay,    Glass  and  Concrete  Products 
Primary    Metals 

Primary    Ferrous  Products 

Primary    and  Secondary  Non-Ferrous  Metals 
Fabricated    Metal  Products 
Machinery,      Except  Electrical 
Engines    and  Turbines 

Farm    and  Garden  Machinery  and  Equipment 
Construction,     Mining  and  Material  Handling 

Machinery  and  Equipment 
Metalworking    Machinery  and  Equipment 
Office,      Computing  and  Accounting  Machines 
Other    Machinery,    except  Electrical 
Electrical    Equipment,    Except  Communication 
Equipment 

Electrical    Transmission  and  Distribution 

Equipment 
Electrical    Industrial  Apparatus 
Other     Electrical  Machinery,    Equipment  and 
Supplies 
Communication  Equipment  and  Electronic 
Components 

Radio    and  Television  Receiving  Equipment, 

except  Communication  Types 
Electronic     Components  and  Accessories  and 
Communication  Equipment 
Motor  Vehicles  and  Other  Transportation  Equipment, 
Except  Aircraft 

Motor    Vehicles  and  Motor  Vehicle  Equipment 
Guided    Missiles  and  Space  Vehicles  and  Parts 
Other  Transportation  Equipment 
Ordinance,     except  Missiles 
Aircraft    and  Parts 
Professional    and  Scientific  Instruments 


123 


136 


Pa8e 


10,  875 

98 

16,033 

100 

126, 595 

102 

82, 820 

104 

42,  361 

106 

20, 932 

108 

27, 571 

110 

26,831 

112 

1  2,  944 

114 

74,  117 

116 

44, 849 

118 

17,  351 

120 

14,  288 

122 

11, 270 

124 

152,094 

126 

282, 742 

128 

20, 826 

130 

30, 911 

132 

54,442 

134 

30, 607 

136 

36,347 

138 

199, 621 

140 

142 


44, 

266 

144 

45, 

077 

146 

67, 

665 

148 

110, 

215 

150 

20, 

630 

152 

108, 

845 

154 

55, 

801 

156 

31, 

505 

158 

8, 

814 

160 

23, 

132 

162 

6, 

447 

164 

16, 

459 

166 

105, 

472 

168 
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APPENDIX  A 


OBTAINING  PREVIOUS  OTAF  PUBLICATIONS 


Copies  of    the    four    previous     OTAF   publications    listed   below    are    available 
from: 


National  Technical  Information  Service 
U.  S.    Department  of  Commerce 
Springfield,    Virginia     22151 

When  ordering    from     this    source,     please    give    the   publication    title    and   its 
"COM"  number. 


1.  Initial  Publication,    May  1973 
COM  73-10767:  Cost  $3.00 

Describes  OTAF  program  and  gives  sample  reports  on  24  wide  ranging 
areas  of  technology  in  varying  levels  of  detail. 

2.  Early    Warning    Report,     December    1973 
COM    74-10150:    Cost   $6.75 

Spotlights  those  technological  areas  experiencing  a  high  level  of  overall 
activity  or  of  foreign  activity.  Reviews  patent  activity  in  a  number  of 
energy  areas,  including  nuclear;  solar;  geothermal;  and  tide,  wind  and 
wave  energy. 

3.  Third  Report,    June  1974 
COM  74-11383:  Cost  $5.50 

Presents  an  overview  of  the  technological  activity,  across  all  technol- 
ologies,  of  a  group  of  selected  foreign  countries  and  a  group  of  selected 
U.S.  states.  Extends  energy  area  treatments  to  include  oil  shale  and 
coal  gasification  technologies.  Reviews  additional  high  overall  activity 
technological  areas. 

4.  Fourth  Report:  A  Review  of  Patent  Ownership,    January  1975 
COM  75-10050:  Cost  $5.75 

Identifies  the  73  corporations  and  government  agencies  which  received 
500  or  more  patents  during  the  five  year  period  1969-1973,  and  reviews 
and  compares  their  patent  activity  across  the  spectrum  of  technology. 
Also  reviews  in  terms  of  patent  ownership,  the  patent  activity  during 
the  same  period,  in  nuclear  energy  technology  and  oil  shale  and  coal 
gasification  technology. 
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APPENDIX  B 
OBTAINING  ADDITIONAL  INFORMATION  OR  SPECIAL  REPORTS 


Background 

OTAF's  computerized  base  of  data  relating  to  the  patent  file  includes,  at 
present: 

-  all  subclasses    of  the  U.S.    Patent  Classification  System 

-  the  relationship  of  all  subclasses  of  the  U.S.  Patent  Classification  Sys- 
tem to  the  Standard  Industrial  Classification  System  in  36  Product 
Fields  and  Product  Field  combinations 

-  for  all  U.  S.  patents,  their  recorded  locations  within  the  U.  S.  Patent 
Classification  System 

-  for  each  U.  S.    patent  issued  since  1  963, 

.  the  ownership  at  time  of  issue  in  seven  categories  (U.  S. 
government,  foreign  government,  U.  S.  corporation,  foreign 
corporation,  U.S.    individual,  foreign  individual,    and  unassigned) 

.    the  country  or  state  of  residence  of  the  inventor 

-  for  U.S.  patents  issued  since  1  969,  the  specific  (i.e.  named)  ownership 
of  all  which  are  organizationally  owned  (e.  g.  by  a  corporation,  foun- 
dation,   government  agency) 

Data  can  be  retrieved  on  the  basis  of  any  one  or  any  combination  of  the 
factors  listed  above,  manipulated  on  most  any  given  basis  and  presented  in 
a  number  of  formats,  e.  g.  ,  lists,  tables,  graphs,  charts,  etc.  This  flexi- 
bility is  illustrated  by  the  various  types  of  reports  presented  in  this  and 
the  four  preceeding  OTAF  publications. 

How  to  Obtain  Special  Reports 

1.     In  making  an  initial  determination  of   interest   in  a  special  OTAF    report, 
you  are   urged    to    review    the    data    items    that   are  available  and  decide  if 
any  one  or  combination  of  them,    or  any  relationship  between  two  or  more 
of  them  might  be  useful  to  your  needs. 
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2.  In  most  instances,  interest,  once  determined,  will  be  limited  to  particu- 
lar technological  areas.  The  definition  of  these  areas  is  of  key  impor- 
tance and  must  ultimately  be  in  terms  of  classes  and  subclasses  of  the 
U.S.  Patent  Classification  System  (or  one  of  the  36  SIC  Product  Fields 
or  Field  combinations).  If  you  are  unfamiliar  with  the  U.S.  Patent  Class  - 
fication  System,  develop  as  clear  and  precise  an  explanation  of  your 
area(s)  of  interest  as  possible. 

3.  At  this  point,  you  should  contact  OTAF,  indicate  the  type  of  informa- 
tion your  desire  and,  if  you  wish,  what  your  needs  are.  (Perhaps  alter- 
natives can  be  suggested  to  better  meet  those  needs).  If  you  cannot  pro- 
vide class  and  subclass  definition  of  your  area  of  interest,  OTAF  will 
attempt  to  do  that  for  you,    using  your  description  of  the  area. 

4.  Once  there  is  a  clear  mutual  understanding  of  the  information  you  want, 
the  format  in  which  you  want  it  and  the  area(s)  to  be  included,  an  esti- 
mate of  cost  will  be  developed  and  provided  to  you  along  with  a  state- 
ment of  the  work  to  be  done. 

5.  Once  agreement  on  work  to  be  done  and  cost  is  reached,  and  payment 
is  received,    the  report  will  be  prepared  and  provided. 


Costs 


All  special  reports  are  prepared  on  a  cost  reimbursable  basis.  These  costs 
may  vary  widely  -  from  as  low  as  $200  to  $300  for  a  statistical  report 
(including  a  list  of  covered  patents)  of  the  type  contained  in  Section  I  of  this 
publication,  to  several  thousand  dollars  for  complex  and  large  scale  treat- 
ments of  many  technological  categories,  requiring  extensive  programming 
or  computer  time;  or  for  in-depth  reports  which  focus  on  the  substantive 
content  of  the  covered  patents  and  require  substantial  professional 
analysis  time. 


Whom  to  Contact 


Inquiries    concerning    OTAF    publications/ services  are  invited    and    should  be 
directed  to: 


Office  of  Technology  Assessment 

and  Forecast 
U.  S.     Patent   and    Trademark   Office 
Washington,    D.  C.      20231 
Phone:   (703)  557-3050 


PENN  STATE  UNIVERSITY  LIBRARIES 
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